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By Jame8 A. Miller

SUMMARY

A fixture tor compressive tests of thin sheet metal
was designed. It consists of two hardened steel gUides be
tween which the specimen is held by two adjustable clamps.

~est8 were made with the fixture on specimens about 1/2
inch wide by 2t inches long. The specimens were coated with
a lubricant intended for use in the front wheel bearings of
automobiles. Tests were made on aluminum alloy sheets 0.032
and 0.128 inch thick. magnesium alloy Jl-h sheet. 1025 carbon
steel sheet 0.054 inch thick, and three sheets of stainless
steel with thicknesses of 0.020. 0.011. and 0.006 inch and
compressive yield strengths in the transverse direction of
240. 170. and 160 kei. respectively.

~he tests indicated that co~sistent results couid be
obtai~ed. without undue ~are. on 8pec~mens thicker than 0.010
inch. The results were in good agreement with those obtained
by the pack method or the single-thickness method. ~he tests
on thinner sheet were usually s~ccessful when the procedure
described was carefully followed.

The time r~quired for these compressive tests was about
the same as for tensile tests of equal precision.

INTRODUCTION

Tests of flat sheet metal specimens in end compression
to determine the Qompressive yield strength of the material
require some-means of support~ng the specimens against failure
by instability before the yield strength is reached. Various
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*
methods for obtainingstabilityhave been used in tests of
smeet metal

\
reference ‘1,“2C3* 4S 5~ 6). Xn the Bac_k”%~s%

(reference1 stabilityIs obtainedby arranginga number of
specimensin a pack and by supplyingtransversesupport to
each of the outer specimensthrough a number of pins. For
the thinnerand strongermaterialsadditionalsupportwas
providedby cementingthe speoimenstogetherand by clamps
near the ends (reference2).

Later tests showed that it was not always necessaryto
assemblea whole pack of individualspecimensbut that suf-
ficient stabilttycould be obtainedwith a single speoimen
within certain limits of thicknessand strength. In the
single-thicknesstest as originatedby ‘titP. Mont ornery
and improvedby R. L. Templin and hls associatesfreference
3) the transversesupport is supplied throughrollers $n a
specialfixture. The single-thioknesstest has an advantage
over the pack test not only in requiringless material and
less time for machinipgbut also less time for setting up* the specimenin the testing machine. However, for the
thinner and strongersheet materialsthe supportprovided
is not sufficientto prevent buckling,particularlyat one* end.

To overcome this difficulty,C. S. A$tchison substituted
lubricatedbrass guides for the rollers in the single-thickness
fixture. This work was done as part of a research project
at the National Bureau of Standardsfor the Bureau of
Aeronautics,Navy Department;it is described in reference4.
The results obtainedin tests of 0.032?inchaluminum alloy
24S-RT sheet were in close agreementwith those obtained
with the use of rollers in the fixture.

The results of later tests with simply clamped solid
brass guides, such as are shown in figure 1, indtcatedthat
the method was satisfactoryfor compressivetests of sheet
metal as thin as 0.020 Inch having a yield strengthUp to
240 ksi. As a result of these tests a fixture for com-
pressive tests of sheet metal between lubricatedsteel guides
was designedand built. A descriptio~of the fixture and
test prooedureand the results of compressivetests on sever-< al sheetmetals are given in this paper.

.—

The permissionof the Bureau of Aeronauticsto publish*“
this material is gratefullyacknowledged. The author ac-
knowledgesalsg the assistanceand advice received from other
members of the engineeringmechanics section of the National
Bureau of Standards. In particular,he expresseshis appreci-
ation to P. L. peach, who assisted In all the tests.
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THE FIXTURE

The fixture (fig. 2) was designed for a specimen1/2
inch wide with a l-inch gage length. The spacing between
guidesmay be increasedto any value up to 1/2 inch thereby
permittingtests of curved (formed) specimenswith auxiliary
guides as well as flat speeimens. The f$.xturecan be taken
apart quickly,when cleaning of the guides is necessary,by
looseningthe set screws (fig. 3) and removingthe clamps.

The fixture coasists of twg hardened tool steel guides
and two adjustableclamps. Details are shown In figure 3.

The guides B and C,
!

are rectangularblocks of
hardened tool s eel nominally 0.375 by 0.46 by 2.20 inches.
One of the 0.46= by 2.2&inch surfaces of each is the guiding
surface. A piece, A, for holding the clamps was fastened
to guide B after B had been hardenecland ground nearly
to 8ize. Pieces A and B were finished togetherto form
the “compoundguide“ in distinctionto the “simple guide,’!
c. The compound guide alines the specimen in the testing
machine. One face of the simple guide was provided with a
conicalseat near the bottom and a grooved seat near the
top to provide seats for the ad~ustingscrews of the clamps,
The simple guide was made omooa inch shorterthan the com-
pound guide and the conical seat wae located so that the
lower end would be about 0,002 inch above the lower end of
the compoundguide. Thie prevents small changes in the
seating of the clamps from causing the lower end of the
simple guide to interferewith the alinementof the specimen.
The guidingsurfaceswere ground wtth spep$al care. The
edges were honed and pclished with e?ocus paper to remove
burrs which might scratch the specixcens.

The details of the clamps are also shown in figure 3,
Rigidity of the clamps is obtainedby tighteningthe head of
each tension sarew against the smaller crossbarand then
tighteningthe lock nuts against the lar er crossbar.

7
The

adjustingscrews have a travel of over 1 8 inch. The
position of the larger crossbarcan be than ed.in steps*

7equal to the pitch of the tensionscrews, 1 32 inch.

While some of the det~ilu Ot design need not be adhered●

to In constructinga similar f$xture, It is recommendedthat
the cross section of the tensionmembers be not increased
and that the lengthunder tensionhe not shortened. If the
testing of formed specimens is not contemplated,it is
recommeniLedthat the thi~knessOr part B of the compound
guide be increasedtrom 3/8 inch to 3./2or 5/8 inch,
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● SPMCIMENS

Specimenswere taken from sheets of three aluminum
alloy,s:magnesiumalloy Jl, 1025 carbon steel, and stain-
less steel. Compressivestress-straincurvesfor these
sheetshad been obtainedpreviouslyby the pack method
describedin referenoe1.or by the single-thicknessmethod
describedin reference3. The specimenswere taken from
the same region of the sheet In most cases; the exceptions
are noted in the tables to follow by gtvfng the average
thicknessof the specimens.

Specimenswere taken also from nheetsof ful,lhard
stainlesssteel for which no pack or s$ngle-thicknesstests
were available.

In some cases the specimenswere taken only across the
directionof rolling (transverse)since, in general,the
transversespecimenshave the higher compressiveyield.
strengths~

~ The specimenswere 0.5 inch wide by 2.25 inches long for
sheet thicknessesnot less than 0.02 inch. These dimensions
were reduced for thtnner specimensto prevent buckling of
the unsupportedportion. The speeimens.between0.01 and
0.02 inch thick were 2.23 inoheslongand had an unsupported.
length of approximately0.03 inch. The specimensless
than 0.01 inch thick were 0.48 inch wide by 2.22inoheslong,
just long enough to provide a clearanceof about 0.002 inch
betweenthe top of the guides and the bearing block when
the yield strain was reached.

.

The blanks for the specimens0f128 inch thick were
s’awedout approximately0.05 inch oversize in each dimension,
The blanks for the other specimenswere sheared at least
0.03 Inch oversize in each”dimension. An identification
number was lightly scratchednear one end of each blank,

The specimenswere finishedto size as follows.-The
shearingor sawing burrs were removed from eachblank. The

t blanks were stacked into a pack up to 5/8 inch thick; cover-
ing blanks of 0.032-inchsheet were added to protect specimens
less than 0.032 inch thick. The ~ack was Inserted in-%he

v machiningfixture shown in figure 4. The ends of the specimens
were held togetherwith tool-makers!~lampsas shown in the “
figure, The width of the paok was reduced about 1/64 inch
by light cuts with a surface grinden apd the paok was turned
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●
over and was ground to the specifiedwidth. l!hetool-makers?
clampswere removed and other clampswere set near the ends
of the pack as shown in figure 5. The distance from the
outsideof one clamp to the outside of the other was about
0.01 inch less than the specifiedlength of specimen. The
machiningfixture was bolted to a block for grinding one
end as shown in figure 5. After about 1/64 inch had been
removed from one end~thefixturewae removedfrom the block
and was turned over for grindingthe other end.

Length measurementswere made before the end clamps
were removed from the pack. The clamps were removed,
releasingthe specimens. The burrs were removed from the
edges, care being taken not to damage the end surfaces.
The specimenswere oleanedand weighed. The cross-sectional
area of each specimenwas computedby dividingthe weight
by the product of the density of the sheet and the length
of the specimen.

* Before a specimenwas placed In the compressivefixture,
the two sheet–facesof the specimenwere rubbed lightly

~ with a hardened steel scraper to remove any small particles
of the material projectingabove the facee~ Finally, the
ends of each specimenwere lapped superficiallyon a
roughly ground hardened steel block to remove any burrs
which might have preventeduniform contactwith the bearing
blocks.

COMPRESSIVETESTS WITH THE STEEL GUIDE I’IXTURE

The specimenswere cleaned,covered on both sides with
a thin coat of the lubrlcant(Texaco Marfak N0,3) and inserted
between the guides in the fixture, The specimenwas placed
in the fixture with the numbered end or the most marred end
down as an added precautionagainstfrictiogsince friction
below the gage length would have practicallyno effect on
the measured strain. The adjustingscrewswere tightened
and retightenedwith interveningsliding of the specimen
until the guides did not slide axiallyunder their ownt
weight but did slide smoothlyunder an additionalweight of
1 pound or less. After a littlepractice It is possible to

1 tell by feel when the desired conditionis obtained. When
the sliding is not smooth but jerky there may be foreign
matter between a guide and the specimen. This may require
cleaningof the guides. However, a routine cleaning of the
guides each day is usually all that is requiredwhen ordinary
care is taken in cleaningand greasing the specimens.

.-
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The specimenwms centeredlaterallyin the fixture
by eye. The lower end was set even with the lower end of
the compoundguide and the exoesslubricantwas wiped from
the ends. The specimenwas alined in the fixture by press-
ing the lower end of the specimenand of the compoundguide
againsta surfaceplate. The compoundguide is heavy enough
to keep the fixture from tippingwhile holding specimens
0.064 inch thick or less. However, in most tests a small
weight resting on the smaller crossbar of the lower,clamp
was used to prevent tipping while the specimenwas being
centeredin the testingmachine.

The specimenswere tested in a beam and poise, sorew
type testingmachine (designatedin the tables as machineA)
of 50-kip capacityusing the 5-kip range. Most of the
specimenswere mounted between hardened and ground steel
blocks in the subpress(reference7’). When the subpress
was not used,the specimenswere tested between hardened
and ground steel blocks, the upper one of which was sealed
to the upper head of the machine by a plaster-of.parisshim,
This was cast only once for a series of tests. l?hecasting
was made under a load of 0.5 kip whi~e the working surfaces
of the steel blocks were held parallel to each other. The
rate of loading was, in general,about 1.2 ksi per minute
for the magnesiumalloy, 2 ksi for the aluminumalloys and
4 ksi for the steels.

Strain was measured by a pair of !fuckermanl-inch
optical strain gages attached to opposite edge-facesof
the specimen. For the stainlesssteel specimenssoratches
were made for seatiqg the knife..edgeof each gage, The
gages were attachedwhi,lethe specimenswere under a load
of about 20 pounds.

At the end of each test, before the load was reduced,
the guides were tried to determinewhether they could be
moved easily. Except as noted in the tatles the guides
could be moved axiallywith the index fingerspressed
againstthe guides and without touchingthe clamps. The
force that could be applied in this manner was less than
4 pounds,

The results of the tests are given in tables 1 to 9,

.—
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COMPRESSIVETESTS WITH OTHER MEANS OF LATERAL SUPF’ORT

Results of previous tests of the sheets by the pack
method {rei’eronccs1 and 2), by the single-thicknessmethod
(reference3),and of preliminarytests with the use of
simply clamped brass guides have been includedin the
tables for comparison.

The brass guides are shown in figure 1. They were
rectangularblocks of brass 0.44 by 0,60 by 2.05 inches.
One of the 0.44- by 2.05-incl?surfaces of each was the
guiding surface. For some of the tests the guides were
held togetherby two clamps each consistingof two l/4-
inch squarepieces of cola rolled steel and two 8-32 screws.
In most of the tests the guideswere held by the clamps
shown in figure 1. These were similar to the clamps ~f the
stee,lguide fixture. One guide was oementedto the clamps
with Duco cement. The other guide had conicalseats for the

●

adjustingscrews. The specimenswere usually 0.5 bY 2.1inches.
The test procedurewas similar to that of the tests with ,

v steel guides.

Most of the comparisontests were made without the
subpressand in other testingmachines. Machine B was a
beam and poise, ecrew type testingmachine of 20.-kipca-
pacity. Machine C was a fluid support,Bourdon tube
hydraulicmachine having a null-methodweighing systemf
The machine had a capacityof 20 kips. Machine D was a
fluid support,Bourdon tube hydraulicmachine of 100-kip
capacity. Strain was peasured by a pair of Tuckerman
l-inch optical strain gages attachedto opposite edge-faces
of the specimen.

RESULTS

AluminumAlloy 24S-RT Sheet 0.032 Inch Thick (Table 1).

Previous tests on this sheet by three differentmethods
●

offeredthe test opportunityfor comparingvarious.lcindsof
supportagainst premature buckling. All the tests had Been _.

* made in machine A with the subpressand more material
from the same portion of the sheet was available. Two of
the longitudinalspecimensof the present eerles were
tested without the subpress. The values of Youngts modulus
were all within 1 percent of each other and the values for
yield strengthwere within 1,4 percent in the longitudinal

.—

—
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directionand 1 percent in the transversedirection. Stress-
deviationgraphs for the longitudinalspecimensare shown in
figure 6 taking the value of Youngts modulus as 10,712 ksi,
the averagevalue for the pack and single-thioknesstests.

Alclad 24S-T Sheet 0.032 Inch l!hick(Table 2)

The pack test for this sheet had been made on a pack of
13 specimens. The specimensfor the present series of tests
had the same thicknessas the average for the pack. The
values of Young’s modulus and yield strengthwere within
0.6 percent of those for the pack.

AluminumAlloy M8&T Sheet 0.128 Znoh Thick (Table 3)

This sheet was the thickestsheet tested. Previous tests
. had been made by the single-thicknessmethod and with brass

guides. For any of the tests by all three methods the greatest
differencein values of Youngtsmodulus and yield strength

< was 1.8 percent. l!xciudingthe two tests with brass guides
in which the lateralmovement of the lot+.di,nghead of the
machine exceeded0.1 inch the greatestdifferencein Young’s
moduluswas 0.8 percent. For the tests wh$ch were made with
the subpressin machine A the greatest differencesin Youngls
modulus and yield strengthWOrO0.4 percent and 0.9 percent,
respectively.

MagnesiumAlloy J1-h (Table 4)

The values of Young~s modulus for the specimenstested
with the steel guide fixture were within 2.7 percent of that
of the correspondingpack. This amounts to a divergenceof
the stress-straincurves, in the range used for the modulus
determination,of less than 0.00003 strain or, in terms of
load on one of the single specimens,less than 3 pounds,

In the tests with the steel guide fixture the guides
. could not be slid with ‘thefingersafter the removal of the

strain gages. As this material has a yield point and the

+ yielding is localized,the guidesprobably tightenedafter
the yield point was reached, 3’igure? shows that the friction---
betweenthe guidee and the specimenhad little, $f any, effect–
upon the stress-strainrelationshipup to the 0.2-percent
offset yield strength. The yield strengthswere from O to
1.8 percent less than that of the correspond$pgpack,” ““-”

——
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● 1025 Carbon Steel (Table 5)

The thioknessof the portion availablefrom a sheet
for which there were pack data wae between the average thick-
nesses of the specimensof the regular and of the shellacked-
pack. The results of the tests with the steel guide fixture
were betweenthe values for the two packs. This material
also has a yield point and yields locally. 3’orone of the
speeimensthe guides were tight when the gagee were removed.
This conditionapparentlyhadllttle effect upon tho0.2-p~rcen~~
yield.strengthas the values were practicallythe same for
the two specimens. —

18-7 Chromium-NickelSteel (Table 6)

Specimensfor test with the steel guide fixturewere
selectedwhich had the same thicknessas those tested with
brass guides. The specimenetested with steel guides had

. about the same values of Youngfsmodulus and a little lower
yield strengthsthan the specimenstested with brass guides,
the greatestdifferencein yield strengthamountingto 3.2. percent. Consideringonly the specimenstested in machine A
with the subpress,the greatestdifferencesin young’smodu~us
and yield strengthwere 0.7 and 1.5 percentsrespectively.
The stress-straingraphs for this sheet are shown in figure8,

—

O.010-Inch3’u1lHard 18-8 Chromium–NickelSteel Sheet.

LongitudinalSpecimens(Table 7)

The two packs from this sheet had Includedsome of the
thinnermaterial from near the edges of the sheet. Most of
the specimensfor the present series of tests were taken from
the middle of the sheet and a few were taken from near the
edges of the sheet. The greatest differenceIn values cf
Young;smodulus amounted to 3*3 percent. This corresponded
to a divergenceof the stress-straincurves,‘inthe range
used for the modulus determination,of lese than 0.00001
strain or a little over a pound load. The yield strengths
for the specimensfrom the middleof the sheet averaged
82.9 ksi and were all within 1,1 percent of that value.
The yield strengthsfor the packs averaged 83.2 lcsior1
about 0.4 percent higher than the average for the specimens
from the middle of the sheet. They were lower than the yield
strengthsof specimensfrom near the edges of the sheet.
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.
In preliminarytests on specimensof this thickness

2.25incheslong, some became bent at one end, This was
preventedhy making the specimens2,23incheslong (0.03
inch longer than the guides). Also, for such thin sheet
more than the usual care must betaken in preparing the
hanks for nachlningto avoid bending near the ends.

0,010-InchZ’ullHard 18-8 Ohromium-NickelSteel Sheet,

TransverseSpecimens(Table 8)

The specimenswere taken from the middle of the sheet,
The measured thicknesswas 0.0114 Inch. “Asthere were no
tests by any other method on transversespecimensfrom this
sheet, three of the specimenswere set up for test w~th
specialcare by an experiencedoperator to obtain the best
possibleresults which would serve as a standard for com-
parison. Conditionsfor the other tests were varied, Two. specimenswere the fourth and fifth tested by an inexperienced
operator. Some of the specimenswere set up in a rout$ne
manner- the guides were not cleanedbetween tests and the.
clamps were adjusteduntil the specimen seemed to slide
properly in the guides. For others,the clamps were set
tighter than usual, then were loosenedand adjusteduntil
the guides would slide as usual. The averagevalue of Youngts
modulus and of yield strength were 29,840 ksi, and 171,5 ksi,
respectirelyAfor the specimenstested with special care and
29,800 ksi and 171.8 ksi for the remaining specimene. The
greatestdifferencein values of Youngts modulus for any
of the tests aqountedto 1.3 percent; the greatest difference
In yield strengthamounted to 1 percent. These tests included
one test in which the specimenwas wavy at the end of the
test and in which the average th$cknessof each lubricant
f~lm was more than 0.0003 inch, and another in which the
guides were so tight that it was necessaryto push on the
clamps to move the guides with the fingers at the end of the
test. While these were not consideredparticular~good tests,
the results were near the averagefor the series. The tests
indicatedthat material of this thicknessand strengthcan
be tested in compressionwithoutunusual care,.

,



0.005--InchFull Hard 18-8 Chromium-NickelSteel Sheet,

TransverseSpecimens(Table 9)

The specimenewere taken frem the middle of the sheet.
The actual thicknessof the specimenswas a%out 0.0058 inch.
In additionto single specimens,packs of 2, 4, and 6 speci-
mens were made up for test in the fixture~ In these the
specimenswere cementedtogetherwith shellacbefore they we-re
machined.

Difficultywas experiencedin obtainingsatisfactory
packs. In several there was apparentlya breakdownof the
bond at the ends during maehlningas the packs were flared
at the &ds. This usually resulted in prematurefailure
eitherby further separationand bucklingof the specimens
at an end or by bucklingnear the middle because of excess-
$ve separationbetween the guides. The 2-specimenpack
listed in table 9 was taken as a standard of comparison
because the guides could be moved easily when the gages
were removed after the yield strengthhad been reached,
The 4-specimenpack buckled at about 5 ksi above the yield
strength;the buckling occurredbefore the gages were re-
moved and the guides were checked. The stress-straincurve
showed no irregularitiesup to the yield strength. The
values of Youngts modulus and yield strengthfor the two
packs agreed within 0.6 percent.

Preliminarytests on single spec~menswere made with
brass guides. Most of the specimensthat were about 0.04
Inch~riderthan the guides were wavy after test. In some,
the wavinesswas much more noticeablenear the edges, On
the other hand, most of the specimepsthat were only 0.02
inch wider than the guides showedvery little evidenceof
wavinesswhen the average thicknessesof the films of lubrl-
cant were less than 0.0002 inch. Best results were obtained
when the specimenswere just long enough so that there was a
clearanceof about 0.002 inch between the end of the longer
guide and the upper bearing block at the maximum strain. In
some cases the guides tilted due to bending of the specimen —

at the upper end eo that a guide touched the upper bearing
block before the test was completed..This bending may have
been caused by the initial curvatureof the specimenswhich
correspondedto a height of arc from 0.03 to 0.04 inch In
about 2 inches, l?hecurvatureat the ends may have been
increasedinadvertentlyduring preparationof the specimens;
such additionalcurvaturewould be difficultto detect be-
cauee of the initialcurvature, The resulte of the final
tests with brass guides are includedin table 9. —
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The greatest
for all the tests
divergenceof the

12

differencein values of Youngts modulus
was 3.1 percent. This correspondsto a
strese-straincurvesr In the stress range

used for the modulus determination,of 0.00002 strain or 1.7
pounds for a single specimen. The yield strengthsfor the
single specimenswere equal to or higher than the yield
strengthof the 2-specimenpack. The averageand highest
values for the specimenssupportedby brass guides were
respectively1.4 and 1,7 percent above the yield strength
for the 2-specimenpack. The correspondingvalues of yield
strengthfor the specimenssupportedby steel guides were
1.9 and 3.1 percent higher than that of the 2-specimenpack.
For further comparison,stress-deviationgraphs using the
value of Young’s modulus for the 2+yecimen packr 29~240 ksi~
are given in figure 9 for the 2- and 4-spesimenpacks and
for the specimenswith each kind of lateral support which
showed the greatest differencesin strain in the region of
the yield strength..

DISCUSSION.

Steel versus Brass Guides

Comparisonof the results of tests made with the sub-
press on specimenssupportedby steel guides and by brass
guides shows that the yield strengthsfor the tests with
steel guides were on the averageabout O*4 percent lower
than for the tests with brass guides, although in some
cases they were higher.

Maintenanceof the guiding surfaces is easier with the
steel guides. They are not so easily scratched. Also
materialssuch as magnesium alloy J1-h burnish the brass
guides where the specimensyield lonally.

The LubricantYllm

The lubricantused for the tests of reference4 consisted
of flake graphite in CUP grease. Although this lubricant

i gave good results, the guiding surfaces soon became ecratched
by impuritiesia the graphite, As iz was desirableto keep
the guiding surfacessmooth,otherIubricailtswere tried.
The oils and light greases tried were got considered
satisfactory,although the results of a test with petrolatum
were in good agreementwith the results of pack and single-

.—
.—
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thicknesstests on the same sheet. It was found that with
these lubricantsthe guides seized at comparativelylow
averagepressures,probably because of concentrationsof
pressuredue to curvatureof the speolmenand the absence
of polished surfaces.

—

A lubricatinggrease intendedfor lubricationof auto--
mobile wheel bearings operatingin heavy duty service (Texaco
Marfak No. 3) was found to provide suitablelubrication.
This is a soda-soap-basegrease which was supplied to the
U.S. Governmentunder the GeneralSchedule of Supply for
the period January 20 to December31, 1943, as complying
with the specificationsfor item 14-G-1425--5of that
schedule. These specificationsrequire:

Mineral oil constituent;

Viscosity,S.U. at 2100 F., seconds (min.). . . . . . ’75
Flash point, 03’.(min.) . . . . . . . . . . . . . . . 350

Grease:

Work consistency,grade No, (N,L.G.I.). . . . . . , . 3
Penetration,worked (rein,)., . . . . . . . . . , . . 220 - “““-
Penetration,worked (max.). . . , . , . . ~ . . . . . 250
Mineral-oilcontent,percent (min.] . . ... . , . . . 70
Water content,percent (max.) . . . . . , , . . . . . Trace
3’ree alkalinity(calculatedas NaOH) percent (max.) . 0.5
Free acidity (as oleic acid) percent (max,) , . . . . 0.3
Insolublematter, percent (max.). . . , . . , . . . . 0.10
Droppingpoint, ol’,(rein, ).....,....,.. 300

No other lubricantsof this type were tried. Preliminary
tests indicatedthat the film thicknessof this lubricant
was not a criticalfactor for specimens0.0275 and 0~128
inch thick. Data for the ~atter,the thickestsheet tested,
are given in table 3 (specimens0B2T, CB3T, and C5T).

Measurementsof the combinedthicknessof guides, speci-
mens,and lubricantfilms were made to determine the average

. thicknessof the lubricantfilm for most of the tests, For
the specimensthinnerthan 0.010 Inch the average thickness
of a lubricantfilm was less than 0,0002 inch. It appears

. advisableto limit the thicknessof each lubricantfilm to
0,0002 inch in testing specimensthin~er than 0.01 inch.
The average film thicknessfor the specimensbetween 0,01
and 0.03 inch thick was usually less than 0.0003 inch, One
of the specimenshaving thicker ~u$ricantfilms was ap-
preciablywavy. 3’ormost of the specimensthicker than —
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.
0.03 inch the average film thicknesswns less than OS0004. _____
inch. The thicknessof film is affected to some extenthy
the stiffnessof the specimensand the amount of initial
curvatu’re. Usually an operatoradjustingthe clamps for
the first time did not obtain as thin films as an ex-
periencedoperator. The results,however,were in good
agreementwith those obtainedby an experiencedoperator,

Tests without the Subpress

Tests on single specimensmade in machine A without
the subpressare reported in tables 1, 3, and 6. See also
figures6 and 8. Yor tests in which no appreciablelateral
mo’vementof the loadinghead of the machine took place, the

—

results were in good agreementwith the results obtained
with the subpress, When appreciablelateralmovement of the
loadin<head was noted, the values of Youngfsmodulus or
yield stren~th were a little higher, In the tests.
made in machine C w$thout the subpress the readings of
the two gases agreed as well as in the tests with the SU3____

. press in machine A,

Comparisonof Tensile Tests with Compressive

Tests Using Steel Guides

Since the compressivespecimenshave the same cross-
sectionalarea as standard tensile specimensof the same
thickness,the accuracy of the ctresees exclusiveof friction
is the same for both tests. For most cases– when the
guides can be moved up with two fingers without_pushingon
the clamps while the specimen is stressed above the yield
strength- this friction is less than 3 or 4 pounds,

Numerous compressivetests using the steel guide fixture
and tensile tests have been made to obtain the stress-strain
graphs. The came testing machine and the same strain gages
were used. The stress—deviationgraphs for the compress{-e
tests have been as smooth as or smoother than for the tensile
tests.

. The time reo.uiredfor the’twokinds of tests is praoti- _..
tally the same.

Ho tests were made using an autographicstress-strain
recorderalthough the method can be readily adapted for use
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.
with such a recorder, As the edges of the specimenare free,
an averaginggage can be used. An averaginggage adjustable
for specimensup to 1 inch in diameterwould be suitable,
Such gages usually have a gage length of 2 inches.For use
with such a gage a specimenabout 0.75 by 3.5 inches and
guiding surfaces about 0.71 by 3.45 inchesare sugsested,

National Bureau of Standards,
Washington,D. C,, June 15, 1945.
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TABLE1

RESULTSOFCOMPRESSIVETESTSOF 0.052-INCHALIAHNU’MALLOY24S-RTSHEET
-----

1’

.—. —I
Specimen Kindoftest Young1s Yield
orpack or lateral modulUS strength Remarks
nurnber support (offset

=o.2~)
(ksi) (ksi)l

CIL
C2L
MIL
M6L
FBIL
FB5L
C21L
%22L

C23L

C24L

Transverse

Cl!r
C2T
lilT
M4T
FB4T
FB6T
C21T
C22T

Pack(13-spec.) 10,720
-----do---------10,720
Single-thiclmess10,710
-----do---------10,700
Brass”guides 10;690
-----do---------10,750
Steelguides 10,720
-----do---------10,740

-----do---------10,730

-----do---------10,700

Pack(13Qspe,c.) 10,650
---_-do---------10,650
Single-thiolkness10,750.
-----do---------10,G5O
Brassguides 10,700
-----do---------10,690
Steelguides 10,670
-----do---------10,700

57.0
57.2
57.4
57.3
57.1
57.1
66*8
56.6

57.3

56.9
.—.

61.3
61.4
61.4
61.4
61.0
61.1
60.8
61.0

Fixed-endspecimen,
Do●

Inexperiencedoperator
(firsttest).

Withoutsuppress,”head
ofmachjneguided.

Do●

—.——

Fixed-endspecimen.
Do,

Inexperiencedoperator
(firsttest).

Note: All testsmadeinmaohineA and,unless~therrtise~titea, – ““
withthesubpress. —
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TABLE2

RESULTSOFCOMPRESSIVETliSTSOF 0.032-INCHAWLAD ALUMINUMALLOY248-TSHEET,

TRAIWVERSESPEClMENS

Specimen
number

CIT

C21T

Kindof
testor
lateral
support

Pack(13-
specimen)

Steel
guides

C22T I --do-----

Average
thickness

of
3peci3nens
(in.)

0.0321

.0321

.0321

YoungfB
modulus

(ksi)

10,520

10,550

10,580

<

strength
(offset
=0.2;%)
(ksi)

46.5 D

46.8 A?

46.6 A= -1Inexperienced
operator

(firsttest).

.

l“;~ithsubpress.

.
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TABLE3

RESULTSOFCOM!RESSIV’ETESTSOF0.128-INCHALUMINUMALLOYM86-TSWLT,

Speoimcm
number

MIT
M2T
CB12!I
CBlT

c1314!I
CB2T
CB3T
CB4T
CB13’I
C21T
C22T

C30T
C5T

TRANSVERSESPEC13KENS

Kindoftests

/

Young?s
or lateral odulus
support

I (ksi)
[

Single-thickness10,690
------do--------10,690
Brassguides 10,650
------do--------10,790

I
------do-----=--10,790
------do--------10,630
------doe-------10~620
------do--------10,640
------do--------10,610
Steelguides 10,660
------do--------10,660

------ do--------10,620
No lateral.support10,600

Yield
strength
(offset
=0,2%)
(ksi)

68,4
6%.8
68.4
6871

68.1
67.7
67.6
67.6
67.6
68.5
68,2

67,8

Machin

Ax
Al
Al

A

A
c
c
c
c
Al
Al

A
c

18

Remarks
I

Lateraldisplacement/
of loadingheadof j

t
maohinegreaterMan :
0.1in.

Do. !
Note1.
Note2. 1

‘1

Inexperiencedoperator
(seoondtest). !

Headofmachineguided.
Note3. I

2TJ’ithsubpress,

Note1.Olampssettight,averagefilmthidcness0,0001in. Speci-
menslidnoticeablyinguidesundera weightof7?5lb. Stresscorre-
spondingto 0.0065strain63.1ksi. --

Nmto2.Clampssetinusualmanner,avemgefilmthiclmess0,0004in.
Specimenslidnoticeablyin guidesundera weightof 1 lb, Stresscorre-
spondingto 000065strain63.0ksi~ ._

Note3.Buckledat 64ksi. hst strainread0.0065.Stresscorre-
spondingto’0zO065strain62~9ksi~
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TABLE4

REEULTSOFCONE%ESSIVE!WSTSOF 0.032-INCHHAGNESIUHALLOYJ1-hSHEET
● ❉

●

Specimen K&d of’test Youngfs -Yield Remarlc~
number or lateral modulus strength

support (offset
=o.2~)

(ksi) (ksi)

Lm@tudiaal I
CF4L

C21L

C22L

7“
Steelguides 6,330

---do------- 6,410

Tramverse

CF3T Pack

C21T

C22T

Steelguides

---do-------

24.5

24,2

24.1

6,550

6,420

28.5

.

28.0

28.5

I

5-specimenpackcemented
with“Bostiok.*’
Testedwithfixedends.

Guidestightatend
oftest.

Do.
Inexperiencedoperator

(firsttest).

5-specimenpackcemented
with*’Bostick.”
Testedwithfixedends.

Guidestightat end
oftest.

Do.
Inexperiencedoperator

(thirdtest). I.
.

.

No-k: Alltests~de inmachineA withthesubpress.
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TASLII5,

RESULTSOFCOMPRESSIVETESTSOF0.054-INCH1025CARBONSTEELSHEET,

~NSVE&E SPECIWZNS

peoimen
number

CIT

CF6T

C21T

C22T

KindOf
testor
lateral
support

Paok

-do--

Steel
guides

-do--

Average
thickness

of
speoimens
(in.)

0~0528

.0551

.0541

Q0541

Young?B
modulus

(ksi)

32,660

31,510

31,800

31,740

Yield
strength
(:W;;O;,-.,

(k;i)

63~6

66.3

65.2

65.1

Ma-
chine

D

A=

20 ___

Remarks

5-specimenpack.

3-speoimenpaok
cementedwith
shellao.Tested
withfixedendso

Guidestightat
endoftest~

Inexperiencedoper-
ator(firsttest).

‘Withsubpress~
.
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TABLE6

RESULTSOF COW%ESSIVLTLSTSOF0.020-INCH18-7CFL{OLIU1.i-NICICULSTEELSHE”T,

7mNsnmsE SPECIMENS ..—

.

.

I
pecimen Kindof Youngfs Yield Remarks
number lateral modulus strengthMachine

support (offset
=0.27)

(ksi) (ksi)

I
CB12T Brassguides30,550 244.3 Al

.,
CB15T --do--------30,390 248.5 A lateraldisplacement

of loadingheadof
maohinegreaterthan
0.1in.

CB14T --do--------30,380 246.2 B

CB13T --do--------30,L30 244.3 c

C21T Steelguides30,340 241.1 Al

C24T --do--------30,450 240.8 Ax

C25T --do--------30,380 241.3 Al

11’iithsubpress,
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TABLE7

RESULTSOF COMPRESSIVETESTSOF O.O1O-DXCH18-8CHROMIUM-NICKELSTEELSIZ3ET,

FULLHARD,LONGITUDINALSPECIIfE2W

I
lpeoimen Kindof Average Yowlgfs Yield Remarks
number testor thickness modulus

I
strength

lateral of (off~;t
support specimens =0● 2/0

(in. ) (ksi) (ksi) .

CIL Pack(lO-speci-
men) 0.0114 26,290 ,82.6 Cementedwithshellao,

testedwithfixed
ends.

C2L Pack(8-speci-
men) .0112 26,320 83.8 Do.

C36L Steelguides .0108 26,520 85.0 Specimennearoneedge
ofsheet.

C32L ---do-------- .0111 26,240 84.2 Do.
C35L ---do-------- .0112 26,720 M.9 Do.
C24L ---do-------=.0115 26,400 83.4
C22L -=-do-------- .0115 26,110 82.0
C26L ---dO-------- .0115 26,190 82.3
C21L ---do-------=.0115 26,340 82.0
C23L ---dO-------- .0115 26,000 83.4
C27L ---do-------- .0115 25,870 83.5
C28L ---do-------- .0115 26,200 83.6
C29L ---do-------- ,0115 26,390 83.0

J

Note:AlltestsmadeinmachineA withthesubpress.
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TABTJ38

RESULTSOFCOMPRESSI’VETEESTSOF O.O1O-INCH

FULLHARD,TRANSVERSE

Specimen
number

C21!I!
C43T
C51T
C41T

C49T
C22T

C44T
C42T

C46T

C50T
C45T
C52T

c48T

Kindof
lateral
support

Steelguides
---do--------
---do--------
---do--------

---do--------
---do--------

.-do ------
---do--------

---do--------

---do--------
---do--------
---do--------

---do-----w--

Yourigfs
modulus

(ksi)

29,870
29,680
29,960
29,800

29,960
29,750

29,790
29,900

29,870

39,690
29,690
29,890

29,620

18-8CHAOMIUM-NICILiLSTELLSHEET,

SPE#IMENS

Yield
strength
(offset
=cJ.2fi)
(ksi)

171.0
171.9
171.5
171.6

171.0
172.7

171.4
171.9

171.6

172.2
172,5
171.3

172.0

Remarks

Testmadewithspeoialcare.
Do●

Do.
Inexperiencedoperator(4th
test).Avera~elubricant
filmthicknessmorethan
0.0003in. Specimenslightly
wavyaftertestg

Inexperiencedoperator(6thtest;
l?wiceusualspeedafterYoung?s
modulusdetermination.

Do.
TwimeusualspeedafterYoung!s
modulusdetermination.“Rou-
tine.”Guidescouldbemoved
atmax.loadby pushingon
alampse
TwioeusualspeedafterYoung~s
modulusdetermination~“Routine.”.

Do.
l’Routine”
Clampstightenedtillspeci-
mendidnotmoveeasily,
thenloosenedandreadjusted.

Do.

t

I

Note: AlltestsmadetimachineA withthesubpress.
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TABLE9

RESULTSOFCOMPRESSI’VETESTSOF0.005-INCH18-8CHROMIUM-NIClC3LSTEELSHEET,

FULIXWRD,TRANSVERSESPECIMENS

Specimen Ktidoftest Young~s Yield Remarks
number or lateral modulus strength

support (offset
=0.2%)

(ksi) (ksi)

4-ClT 4-speo*en 29,150 16101
shellackedpacks
steelguides

2-C2T 2-speoimen 29J240 160.2
shellackedpaok~
steelguides

C53T Brassguides 28,990 162.9

c55!i’ ---do-------- 29,020 162,6

C56T ---do-------- 29,240 162.1

C1llT Steelguides 29,000 165.2 Neededtopushonokmps to
moveguidesatmax.load.

C114T ---do-=-----q. 28,890 164.9 Do.

cl18T ---do-------- 29,290 162.9

C12lT ---do-------- 29,530 ~63.O Neededtopushonclampsto
moveguidesatmax.load.

C155T ---do-=------ 29,270 162.7 Do.

C136T -=-do---v..-~ 29P010 362.9 Do.

C144T ---do-------- 28,620 163.5

C145T ---do-------~ 29,31Q 160.2

NO-k: AlltestsweremadeinmachineA withthesubpress.
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Figure l.-
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Improvisedsoli~brass @cle fix’turefcm oornpre8-
8iVe t88tBof thin sheetmetal.

Figure2.-Steelguidefixtureforcompressivetestsofthin
sheetmetal.



NAOATNNO. 1022 Figc 3

.

.

.

DETAILS of CLAMPS

p—-+—-j p-g-l—— ——
t
I

t

2.
over. Grind worK1ng.wrfa=a of Band C wjth spatial cure and ho..
edges io remove burr.

DETAILS of GUI DES

n—
“Q “CO

—; m
‘N z

t

1
c

‘1

J

Figure3.-Detailsoffixturefor compressivetests of
thin sheet metal.
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Figure4.-Packofspeelmensinmachiningfixturereadyfor
grindingone sicie.

R’igure5.-Paokofspecimensin maohiningfixturereadyfor
@.ncMng one end.
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